Introduction
Facial asymmetry is a relatively common feature in patients with craniofacial deformities. Significant facial asymmetry causes both functional as well as esthetic problems 1) . As for complicated asymmetry deformities, preoperative planning design plays important roles in orthognathic surgery. With the development of computer-aided design (CAD), surgeons can perform virtual osteotomies and move the bony segments to the desired position, as performing in the operating room 2) . In recent years, threedimensional skeletal analysis and computerized orthognathic surgery simulations have been shown to facilitate accurate diagnose and surgical planning [3] [4] [5] [6] . Cutting et al. 7, 8) first described a method for computer-assisted design for craniofacial surgical procedures considering 3D cephalometric constraints. Yasuda et al. 9) proposed a computer system for craniofacial surgical planning based on computer tomography images in brachycephalic cases. In this study, the author's aim is to introduce a valid kind of software-SurgiCase-CMF which has been applied in orthognathic surgery.
deformities were collected in this study who visited the Department group underwent 3D-CT scanning before and 6 months after operation. The preoperative and postoperative CT data were stored in DICOM format and imported into SurgiCase-CMF software. All the virtual surgery was performed by one person who majored in orthognathic surgery and had much experience in performing operation. First of all, the relative variables which used to evaluate the symmetry of maxilla and mandible were measured by using : repositioning maxilla posteriorly.
: suffering from operation, -: not suffering from operation. Table   2 . Then, the significant variables in Table 3 were obtained by measuring in SurgiCase-CMF software combining landmark points with established reference planes in order to evaluate maxillary and mandibular asymmetries for each patient (Fig. 2) . We must admit that the follow-up time was short in our study and maybe the effectiveness of asymmetry and symmetry was not very clear.
Time point for follow-up examination would be extended in the subsequent study to reinforce our conclusion.
The CT machine selected for this study was GE Lightspeed with the following scan parameters for all patients: the slice thickness of the reconstructed image, 1.25 mm; the slice interval 1 mm; 120 kV, average 391 mA, 0.8s/rotation. After completion of CT scanning, the data stored in DICOM format were imported into SurgiCase-CMF software. SurgiCase-CMF software was produced by Materialise (Materialise Company, Leuven, Belgium). Its semiautomatic tools processed two dimensional CT slices from real patients to obtain 3D volumes for surgery simulation. Therefore, SurgiCase-CMF software can be used to perform virtual surgery and preview final shape of hard and soft tissues.
When follow-up, soft tissue postoperative edema was resolved and all the patients in this study would get questionnaire survey in order to evaluate the extent of patients' satisfaction. Statistical analysis was evaluated in SPSS software. Mean value of perpendicular distance from M1 and Menton to midsagittal plane was used to evaluate the symmetry of maxilla and mandible. The distance within 3 mm cann't be found easily by vision and therefore, the value from postoperative patients which was less than 3mm could be considered successful case. In addition, paired t-tests of maxillary height and mandibular body length of both sides were used to evaluate the symmetry in patients from experimental group. If P value >0.05, we may have a conclusion that the postoperative symmetry was satisfactory combining with clinic examination at the same time. Q (antisymmetry radio) was used to evaluate the symmetry of bilateral distance of from Gonion to midsagittal plane. The formula for computing Q was that Q=(G-K)/G × 100 %. G and K stood for the vertical distance from left and right landmark points to midsagittal plane, and the value of G was larger than K. If Q value was less than 10%, bilateral distance of from Gonion to midsagittal plane could be thought relative symmetry.
Results
For all patients, there were no serious complications such as serious bleeding or fractures. When follow-up, all the patients in experimental group were satisfied with their facial appearance and 4 patients in control group complained about their asymmetry appearance. In experimental group, the mean value of M1 to midsagittal plane was 1.1875 ± 0.317 mm and Menton to midsagittal plane 1.7133 ± 0.523 mm; the Q value of bilateral Gonion points was 2.43 %. To compare the symmetry of postoperative bilateral maxillary height, paired t-tests was used. The t values were 0.262 and P value >0.5. According to =0.05 level, we couldn't refuse the conclusion that bilateral postoperative maxillary height were symmetry. As for the symmetry of bilateral mandibular body length, t value was -3.104 and P value <0.05. According to =0.05 level, there was difference between bilateral mandibular body length. From the perspective of statistics, we couldn't think that bilateral mandibular body length was absolute symmetry.
Discussion
In recent years, with the development of three dimensional computed tomography, some advances in 3D medical image computing for orthognathic surgery have enabled a major breakthrough and allowed virtual diagnosis, virtual osteotomies, designing treatment planning and evaluation of treatment outcomes of maxillofacial deformities 10) . In order to enable the surgeon to make accurate treatment planning for orthognathic surgery, the 3D virtual software system SurgiCase-CMF appeared. The SurgiCase-CMF software was produced by Materialise (Materialise Company, Leuven, Belgium), which enabled the surgeons to perform virtual osteotomies, previewed the final shape of hard and soft tissues. In addition, the software was also used to help orthodontists to indicate landmark points, measure different variables, enable the plastic surgeon to repair and reconstruct jaws defect. Marchetti et al. 11) reported the validation of SurgiCase-CMF software in orthognathic surgery. The author compared simulation results with postoperative CT data, the reliability of the soft tissues preview was >91%. As a result, it came a conclusion that SurgiCase-CMF software could provide a realistic, accurate forecast of the patient's facial appearance after surgery. In our study, therefore, the SurgiCase-CMF software was selected in order to ensure the accuracy of virtual osteotomies considering its accurate and convenient measurement. The presurgical planning in our study consisted of three steps: CT data acquisition and reconstruction; different virtual osteotomies planning; evaluation of virtual postoperative effect. From the results of our study, the application of SurgiCase-CMF software in orthognathic surgery was great significant. In addition, the more accurate simulations about SurgiCase-CMF software were based on the finite element.
Westermark et al. 12) validated their method producing accurate results in several cases. Mollemans et al. 13) compared different methods for 3D soft tissue measurements in orthognathic surgery. They found that the highest accuracy was obtained by using the linear finite element model. No matter which kind of simulation software, the shift of hard and soft tissues complied with corresponding proportion relation and this kind of relationship between soft and hard tissues shifting was compiled program in simulation software. Maybe SurgiCase-CMF software was designed according to European features and there was a little error during application of orthognathic surgery for Asian, but it didn't affect the results of our study.
Probably the most important aspect of simulating postoperative features in orthognathic surgery was the evaluation of treatment outcome. Compared with traditional imaging data, one of the important advantages of SurgiCase-CMF software in orthognathic surgery was that the clinician could have more information on the patient's anatomy during planning. As we knew, no matter cephalometric films or panoramic films, the indicating landmark point was a kind of hard work for orthodontics because some anatomic structures such as cervical vertebra maybe produced false images and thus affected the quality and accuracy of indicating points 14) . Unlike cephalometric and panoramic radiographs, with SurgiCase-CMF software the absolute position of anatomical landmarks could be defined. Furthermore, it was possible to produce images that could be viewed from any aspect, and threedimensional anatomic information of patients with facial asymmetry could be obtained easily. As mentioned previously, an appropriate midsagittal reference plane based on the anatomy of the cranial base was needed to evaluate absolute facial asymmetry 15) . In our study, bilateral mandibular body length wasn't symmetry. Maybe two factors caused this problem. On the one hand, the error came from indicating landmark points when using SurgiCase-CMF software. On the other hand, bilateral mandibular body indeed existed asymmetry growth, but it was not be easily found by vision for patients in experimental group. Therefore, Xue Wang et al.: SurgiCase-CMF Software for Patients with Facial Asymmetry patients with presurgical virtual simulations got satisfactory results. With the development of SurgiCase-CMF software, virtual wafers could also be designed before operation 16) . It was possible that the quality and reliability of the SurgiCase-CMF simulations could be great improved in the near future.
